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DESCRIPTION 



METHOD FOR PRODUCING MEMBRANE -ELECTRODE ASSEMBLY 

FOR FUEL CELL 

5 

TECHNICAL FIELD 
The present invention relates to a method of producing an elec- 
trode-membrane assembly used in a fuel ceU and more particularly to a method 
of producing an electrode-membrane assembly having an electrolyte membrane 
10 of a hydrocarbon solid polymer. 

BACKGROUND ART 
FIG. 11 shows a known electrode -membrane assembly for a fuel ceU. 
Referring to FIG. 11, the electrode-membrane assembly 100 comprises a 
negative electrode diffusion layer 101, a negative electrode substrate layer 102 
15 laid on the negative electrode diffusion layer 101, a negative electrode layer 103 
laid on the negative electrode substrate layer 102, an electrolyte membrane 104 
laid on the negative electrode layer 103, a positive electrode layer 105 laid on 
the electrolyte membrane 104, a positive electrode substrate layer 106 laid on 
the positive electrode layer 105 and a positive electrode diffusion layer 107 laid 
20 on the positive electrode substrate layer 106. 

A method of removing a coating organic solvent from the positive and 
negative electrode layers 105 and 103 when making the electrode-membrane 
assembly 100 in order to improve the power generating performance of the 
electrode-membrane assembly 100 is disclosed in, for example, JP-A-9-274924. 
25 This method of producing an electrode-membrane assembly will be described 
substrated on (a) to (£) of FIG. 12. 

In FIG. 12 (a), a negative electrode diffusion layer 101 is coated with a 



negative electrode layer 103 in varnish form to form a negative electrode lami- 
nate 108. 

The electrode layer 103 in varnish form is a varnish made by mixing an 
electrode catalyst, etc. in a coating organic solvent. 
5 In (b), water 109 is boiled to form a water vapor stream al and the water 

vapor stream al removes the coating organic solvent from the electrode layer 
103 in varnish form as shown by arrows bl. 

In (c), a positive electrode diffusion layer 107 is coated with a positive 
electrode layer 105 in varnish form to form a positive electrode laminate 110. 
10 The electrode layer 105 in varnish form is a varnish made by mixing an 

electrode catalyst, etc. in a coating organic solvent. 

In (d), water 109 is boiled to form a water vapor stream al and the wa- 
ter vapor stream al removes the coating organic solvent from the electrode 
layer 105 in varnish form as shown by arrows bl. 
15 In (e), an electrolyte membrane 104 is disposed between the negative 

electrode laminate 108 and the positive electrode laminate 110. 

In (f), the positive and negative electrode laminates 110 and 108 having 
the electrolyte membrane 104 disposed therebetween are hot pressed together. 
The positive and negative electrode laminates 110 and 108 and the 
20 electrolyte membrane 104 are thereby joined together to form an electrode- 
membrane assembly 100. 

The electrode-membrane assembly 100 has its power generating per- 
formance improved by removing the coating organic solvents from the positive 
and negative electrode layers 105 and 103 when it is produced. 
25 When an electrolyte membrane 104 is formed, however, a coating or- 

ganic solvent 111 is mixed with a solid polymer to form a varnish Hke the posi- 
tive and negative electrode layers 105 and 103. The electrolyte membrane 104 



in varnish form is shaped into a sheet and disposed between the positive and 
negative electrode laminates 110 and 108. Therefore, the electrode-membrane 
assembly 100 contains the coating organic solvent 111 in the electrolyte mem- 
brane 104 and this has been a factor injuring the power generating performance 
5 of the electrode-membrane assembly 100. 

A method in which a prolonged hot pressing time or an elevated pres- 
sure is employed for hot pressing the electrolyte membrane 104 between the 
positive and negative electrode laminates 110 and 108 may be adopted as a 
method for removing the coating organic solvent 111 from the electrolyte mem- 
10 brane 104. The prolongation of the hot pressing time for the elec- 
trode-membrane assembly 100 makes it possible to remove the coating organic 
solvent 111 from the electrolyte membrane 104. 

However, the prolongation of the hot pressing time makes it difficult to 
raise the productivity of the electrode -membrane assembly 100. 
15 The elevation of the pressure for hot pressing the electrode-membrane 

assembly 100 makes it possible to remove the coating organic solvent 111 from 
the electrolyte membrane 104. 

However, the excessive elevation of the pressure for the electrode- 
membrane assembly 100 is likely to cause the compression of the positive and 
20 negative electrode layers 105 and 103. The compression of the positive and 
negative electrode layers 105 and 103 makes it difficiilt to raise the power gen- 
erating performance of the electrode-membrane assembly 100. 

Thus, there is desired technique making it possible to raise the power 
generating performance of an electrode- membrane assembly for a fuel cell, 
25 while maintaining its productivity. 

DISCLOSURE OF THE INVENTION 
According to the present invention, there is provided a method of pro- 



ducing an electrode-membrane assembly for a fuel cell by coating one of positive 
and negative electrode diffusion layers with a substrate layer, coating the sub- 
strate layer with one of positive and negative electrode layers before the drying 
of the substrate layer, coating the electrode layer with a hydrocarbon solid 
5 polymer with a solvent added thereto before the drjdng of the electrode layer to 
form an electrolyte membrane, coating the electrolyte membrane with the other 
of the positive and negative electrode layers before the drying of the electrolyte 
membrane and superposing on the other electrode layer before the drjdng of the 
other electrode layer a two-layer body formed by coating the other of the positive 

10 and negative electrode diffusion layers with a substrate layer to produce an 
electrode-membrane assembly, which method comprises the steps of* prehmi- 
narily drjdng the electrode-membrane assembly in its non dry state at a tem- 
perature not exceeding the decomposition temperature of the hydrocarbon solid 
polymer, placing the preliminarily dried electrode-membrane assembly in vapor 

15 to introduce vapor into the electrolyte membrane, removing the solvent from the 
electrolyte membrane with the vapor introduced thereinto, and drying finally 
the electrode-membrane assembly having the solvent removed from the elec- 
trolyte membrane at a temperature not exceeding the decomposition tempera- 
ture of the hydrocarbon solid polymer. 

20 The immersion of the electrode-membrane assembly in a water tank to 

introduce water into the electrolyte membrane and thereby cause the solvent to 
flow out from the electrolyte membrane may occur as a method of removing the 
solvent from the electrolyte membrane. However, the positive and negative 
electrode diffusion layers forming the opposite sides of the electrode-membrane 

25 assembly are water-repellent and are sparingly permeable to water in a liquid 
state. Even if the electrode-membrane assembly may be immersed in a water 
tank, therefore, the positive and negative electrode diffusion layers prevent 



water in a liquid state from entering the electrolyte membrane and make it dif- 
ficult to remove the solvent from the electrolyte membrane. 

The positive and negative electrode diffusion layers prevent the per- 
meation of water in a liquid state, but do not prevent the permeation of water 
5 vapor. Generally, a gas is composed of molecules occurring individually, but a 
hquid is composed of molecules gathering in a several tens of to several thou- 
sand times larger volume and has an apparent particle diameter which is dras- 
tically larger than that of a gas. As the pores of the positive and negative elec- 
trode diffusion layers are larger in diameter than gases, and smaller than liq- 

10 uids, the positive and negative electrode diffusion layers prevent the permea- 
tion of water in a liquid state, but do not prevent the permeation of water vapor. 

In this invention, therefore, the electrode -membrane assembly is placed 
in vapor (water vapor) to introduce vapor into the electrolyte membrane and 
remove the solvent from the electrolyte membrane with the vapor introduced 

15 thereinto. 

When vapor is used for the removal of the solvent as stated, vapor 
passes through the positive and negative electrode diffusion layers and is in- 
troduced into the electrolyte membrane. The vapor introduced into the electro- 
lyte membrane makes it possible to remove the solvent from the electrolyte 

20 membrane smoothly. Accordingly, the electrode-membrane assembly has an 
elevated power generating performance, while maintaining its productivity. 

Preferably, the removal of the solvent from the electrolyte membrane is 
performed at a temperature not exceeding the decomposition temperature of the 
hydrocarbon soUd polymer. 

25 The elevation of saturation vapor pressure is preferable for vapor (water 

vapor) to remove the solvent from the electrolyte membrane satisfactorily. The 
elevation of the saturation vapor pressure makes it necessary to maintain at a 



high level the temperature of the environment in which vapor treatment is 
performed. However, if the environment temperature is higher than the de- 
composition temperature of the hydrocarbon solid polymer, the hydrocarbon 
solid polymer is decomposed. Therefore, the removal of the solvent from the 
5 electrolyte membrane is performed at a temperature not exceeding the decom- 
position temperature of the hydrocarbon solid polymer. This makes it possible to 
remove the solvent from the electrolyte membrane without having the hydro- 
carbon solid polymer decomposed and thereby raise the power generating per- 
formance of the electrode-membrane assembly. 

10 It is preferable that the removal of the solvent from the electrolyte 

membrane is performed by applying no load or a load of 1.5 kPa or less to the 
electrode-membrane assembly in its state before drying, and the final drjdng of 
the electrode-membrane assembly is performed by applying no load or a load of 
1.5 kPa to the electrode-membrane assembly having the solvent removed from 

15 the electrolyte membrane. 

A plurality of electrode-membrane assemblies is stacked on one another 
and a specific assembUng load is applied to the stacked electrode -membrane 
assemblies to assemble a fuel cell unit. When power is generated by the fuel cell 
unit, the electrolyte membrane and the positive and negative electrode layers 

20 expand or contract. Therefore, the assembling load appHed to the stacked elec- 
trode-membrane assemblies is restricted to a relatively low level to make the 
electrolyte membrane and the positive and negative electrode layers movable 
upon expansion or contraction so that their expansion or contraction may be 
absorbed. 

25 Incidentally, it is possible that when the solvent is removed from the 

electrolyte membrane with vapor, the vapor may penetrate into the electrolyte 
membrane and the positive and negative electrodes and cause them to expand. 



When the electrode -membrane assembly is finally dried, on the other hand, it is 
possible that the removal of the solvent from the electrolyte membrane and the 
positive and negative electrodes may cause the electrolyte membrane, etc. to 
contract. Accordingly, it is possible that the treatment for removing the sol- 
5 vent from the electrolyte membrane and the final drsdng of the elec- 
trode-membrane assembly may place the electrolyte membrane and the positive 
and negative electrode layers in substantially the same state as when power is 
generated by the fuel cell unit. 

Thus, it is likely to follow that if a load which is higher than the load for 

10 assembling the fuel cell unit is appUed for the treatment for removing the sol- 
vent from the electrolyte membrane and the final drjdng of the elec- 
trode-membrane assembly, those portions of the electrolyte membrane and the 
positive and negative electrode layers to which the load has been applied may be 
pressed strongly and become immovable. If the strongly pressed portions be- 

15 come immovable, the electrolyte membrane and the positive and negative elec- 
trode layers expand or contract. As a result, it is likely that the electrolyte 
membrane and the positive and negative electrode layers may be separated. 

Therefore, the removal of the solvent from the electrolyte membrane 
may be performed by applying no load or a relatively low load of 1.5 kPa or less 

20 to the electrode-membrane assembly in its non-dry state, as stated above. This 
makes the electrolyte membrane and the positive and negative electrode layers 
movable to absorb expansion when vapor penetrates into the electrolyte mem- 
brane and the positive and negative electrode layers and causes them to expand 
on the occasion of the treatment for the removal of the solvent from the elec- 

25 trolyte membrane. 

Moreover, the final drying may also be performed by applying no load or 
a relatively low load of 1.5 kPa or less to the electrode-membrane assembly 



having the solvent removed from the electrolyte membrane. This makes the 
electrolyte membrane and the positive and negative electrode layers movable to 
absorb contraction when the removal of the solvent causes the electrolyte 
membrane and the positive and negative electrode layers to contract on the oc- 
5 casion of the final drying. 

The absorption of expansion or contraction of the electrode membrane 
and the positive and negative electrode layers prevents the separation or 
cracking of the electrode membrane and the positive and negative electrode 
layers. 

10 The solvent used in the method of the present invention is preferably at 

least one selected from N-methyl- 2-pyrrolidone, dimethylacet amide, dimethyl 
sulfoxide, N,N- dimethylformamide and y-butyrolactone. These solvents are 
suitable for the mass production of electrolyte membranes, as they are rela- 
tively easily available. 

15 These solvents have a higher boiling point than that of water. However, 

the solvent in the electrolyte membrane can be removed properly by the vapor 
introduced into the electrolyte membrane, even if the solvent temperature may 
not be raised to its boiHng point. Therefore, they are easy to use as the solvent 
for the electrolyte membrane. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view showing a fuel ceU unit including 
an electrode-membrane assembly according to the present invention. 

FIG. 2 is a diagram showing the structure of the electrode-membrane 
assembly shown in FIG. 1. 

25 FIGS. 3A and 3B are diagrams showing an example in which the elec- 

trode-membrane assembly is preliminarily dried. 

FIGS. 4A and 4B are diagrams showing an example in which vapor is 



introduced into the electrode-membrane assembly. 

FIGS. 5A and 5B are diagrams showing an example in which vapor is 
introduced into the electrolyte membrane in the electrode-membrane assembly. 

FIGS. 6A, 6B and 6C are diagrams showing an example in which the 
5 electrode-membrane assembly is finally dried. 

FIGS. 7 A and 7B are diagrams showing a comparative example in which 
a solvent is removed firom the electrolyte membrane by immersing the elec- 
trode-membrane assembly in water. 

FIGS. 8 A and 8B are graphs comparing a comparative example and an 
10 example of the invention with respect to the time required for the removal of the 
solvent from the electrolyte membrane and the remaining amount of the sol- 
vent. 

FIGS. 9A and 9B are diagrams showing an example in which the elec- 
trode-membrane assembly of the present invention is employed as a fuel cell. 
15 FIGS. lOA and lOB are diagrams showing an example in which the 

electrode-membrane assembly according to the comparative example is em- 
ployed as a fuel cell. 

FIG. 11 is a diagram showing the structure of a known elec- 
trode-membrane assembly for a fuel cell, 
20 FIGS. 12(a) to (f) are diagrams showing a method of producing the 

known electrode-membrane assembly. 

BEST MODE FOR CARRYING OUT THE INVENTION 
FIG. 1 shows a fuel cell unit 10 including an electrode- membrane as- 
sembly for a fuel cell according to the present invention. 
25 The fuel cell unit 10 is composed of a plurahty of fuel cells 11 (two in the 

example shown in FIG. l). 

Each fuel cell 11 has a negative electrode separator 13 and a positive 
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electrode separator 14 on the opposite sides, respectively, of an electrode- 
membrane assembly 12 for a fuel cell. 

The electrode-membrane assembly 12 is composed of a negative elec- 
trode diffusion layer 21, a negative electrode substrate layer 22, a negative 
5 electrode layer 23, an electrolyte membrane 24, a positive electrode layer 25, a 
positive electrode substrate layer 26 and a positive electrode diffusion layer 27 
superposed on one another. 

The negative electrode diffusion layer 2 1 and the positive electrode dif- 
fusion layer 27 define the opposite sides of the electrode-membrane assembly 
10 12. 

The negative electrode separator 13 is superposed on the negative elec- 
trode diffusion layer 21. ApluraUty of passage grooves 15 formed in the nega- 
tive electrode separator 13 are covered by the negative electrode diffusion layer 
21 and the negative electrode diffusion layer 21 and the passage grooves 15 de- 
15 fine a plurahty of hydrogen gas passages 17. 

The positive electrode separator 14 is superposed on the positive elec- 
trode diffusion layer 27. A plurahty of passage grooves 16 formed in the posi- 
tive electrode separator 14 are covered by the positive electrode diffusion layer 
27 and the positive electrode diffusion layer 27 and the passage grooves 16 de- 
20 fine a plurahty of oxygen gas passages 18. 

According to the fuel ceU 11, electrons (e ) flow as shown by an arrow x to 
produce an electric current when the hydrogen gas passages 17 are fed with 
hydrogen gas, while the oxygen gas passages 18 are fed with oxygen gas. 

FIG. 2 shows the electrode-membrane assembly 12 for a fuel cell ac- 
25 cording to the present invention. 

The electrode-membrane assembly 12 is composed of a negative elec- 
trode diffusion layer 21, a negative electrode substrate layer 22 superposed on 
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the negative electrode diffusion layer 21, a negative electrode layer 23 super- 
posed on the negative electrode substrate layer 22, an electrolyte membrane 24 
superposed on the negative electrode layer 23, a positive electrode layer 25 su- 
perposed on the electrolyte membrane 24, a positive electrode substrate layer 26 
5 superposed on the positive electrode layer 25 and a positive electrode diffusion 
layer 27 superposed on the positive electrode substrate layer 26. 

The negative electrode diffusion layer 21 and the positive electrode dif- 
fusion layer 27 are formed from, fro example, porous carbon paper to which 
water-repelling treatment has been given. 
10 The negative electrode diffusion layer 21 is so constructed by its wa- 

ter-repeUing treatment that water is repelled by its surface and is hardly per- 
meable through the negative electrode diffusion layer 21 when water is in a 
Hquid state, while it is easily permeable when water is in a gaseous state (water 
vapor). 

15 The positive electrode diffusion layer 27 is so constructed by its wa- 

ter-repelling treatment Uke the negative electrode diffusion layer 2 1 that water 
is repelled by its surface and is hardly permeable through the positive electrode 
diffusion layer 27 when water is in a Hquid state, while it is easily permeable 
when water is in a gaseous state (water vapor). 

20 Generally, a gas is composed of molecules occurring individually, but a 

hquid is composed of molecules gathering in a several tens of to several thou- 
sand times larger volume and has an apparent particle diameter which is dras- 
tically larger than that of a gas. 

As the water repeUing treatment of the positive and negative electrode 

25 diffusion layers 2 1 and 27 makes the pores of the positive and negative electrode 
diffusion layers 21 and 27 larger in diameter than gases, but smaller than hq- 
uids, the positive and negative electrode diffusion layers 21 and 27 prevent the 



- 12- 

permeation of water in a liquid state, but do not prevent the permeation of wa- 
ter vapor. 

The negative electrode substrate layer 22 is formed from, for example, 
granular carbon 28 and a binder (fluororesin) 29 added thereto. 
5 The positive electrode substrate layer 26 is formed from, for example, 

granular carbon 31 and a binder (having sulfonic acid introduced into the 
skeleton of polytetrafluoroethylene) 32 added thereto. 

The negative electrode layer 23 is formed by coating the negative elec- 
trode substrate layer 22 with a mixture of a catalyst (electrode grains) 34 and a 
10 solvent for the negative electrode and solidifying it by drying the solvent. The 
catalyst 34 in the negative electrode layer 23 has a platinum-ruthenium alloy 
36 supported as a catalyst on the surface of carbon 35. 

The positive electrode layer 25 is formed by coating the electrolyte 
membrane 24 with a mixture of a catalyst (electrode grains) 37 and a solvent for 
15 the positive electrode and solidifying it by drying the solvent. The catalyst 37 
in the positive electrode layer 25 has platinum 39 supported as a catalyst on the 
surface of carbon 38. 

The electrolyte membrane 24 is formed as an integrally solidified part of 
the negative electrode layer 23 and the positive electrode layer 25 by coating the 
20 negative electrode layer 23 with a varnish prepared by adding a solvent 41 to a 
hydrocarbon solid polymer and removing and sohdifying the solvent. The hy- 
drocarbon solid polymer has a decomposition temperature of 160°C to 200''C. 

The solvent 41 is at least one selected from among NMP (N-methyl- 
2-pyrrolidone), DMAc(dimethylacetamide), DMSO (dimethyl sulfoxide), DMF 
25 (N,N-dimethylformamide) and y- butyrolactone. 

NMP (N-methyl-2-pyrrohdone), DMAc(dimethylacet amide), DMSO 
(dimethyl sulfoxide), DMF (N,N-dimethylformamide) and y- butyrolactone are 
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relatively easily available and are easy to use as the solvent for the electrolyte 
membrane 24. 

NMP (N-methyl-2-pyrrolidone) is a solvent having a boiling point of 

204°C. 

5 DMAc (dimethylacetamide) is a solvent having a boiling point of 

165.5°C. 

DMSO (dimethyl sulfoxide) is a solvent having a boiling point of 189°C. 
DMF (N, N-dimethylformamide) is a solvent having a boiling point of 

153^0. 

10 y-butyrolactone is a solvent having a boiling point of 204''C. 

Thus, the solvent 41 has a boiling point which is higher than the de- 
composition temperature of 160°C to 200*^C of the hydrocarbon solid polymer. 

The solvents 41 include a solvent having a boiling point which is lower 
than the decomposition temperature of 160°C to 200°C of the hydrocarbon sohd 
15 polymer, like DMF (N, N- dimethylformamide) having a boihng point of 153°C, 
and reference will later be made to the use of a solvent 41 having a boihng point 
which is lower than the decomposition temperature of 160''C to 200°C of the 
hydrocarbon sohd polymer. 

If a solvent 41 having a boihng point higher than the decomposition 
20 temperature of 160°C to 200°C of the hydrocarbon sohd polymer is used, it is 
difficult to raise the drying temperature to the boiling point of the solvent 41 
when drying the laminated electrode-membrane assembly 12 and thereby re- 
move the solvent 41 from the electrolyte membrane 24. 

The method of the present invention for removing the solvent 41 re- 
25 maining in the electrolyte membrane 24 in the method of producing the elec- 
trode-membrane assembly 12 will now be described based on FIGS. 3A to 6C. 

FIGS. 3A and 3B show an example in which the electrode- membrane 
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assembly for a fuel cell is preliminarily dried. 

In FIG. 3A, a negative electrode diflfusion layer 21 is coated with a 
negative electrode substrate layer 22 and before the negative electrode sub- 
strate layer 22 dries, it is coated with a negative electrode layer 23. 
5 Before the negative electrode layer 23 dries, a hydro- carbon sohd 

polymer to which at least one solvent 41 selected from N-methyl-2-pyrrohdone, 
dimethylacet amide, dimethyl sulfoxide, N,N-dimethylformamide and y- buty- 
rolactone has been added is applied to coat the negative electrode layer 23 to 
form an electrolyte membrane 24. 

10 Then, the electrolyte membrane 24 is coated with a positive electrode 

layer 25 before it dries. 

Finally, a two-layer body 43 made by coating a positive electrode diffu- 
sion layer 27 with a positive electrode substrate layer 26 is superposed on the 
positive electrode layer 25 as shown by arrows a before the positive electrode 

15 layer 25 dries, whereby an electrode-membrane assembly 12 in its non-dry state 
is obtained. 

In FIG. 3B, a load Fl is applied to the electrode-membrane assembly 12 
in its non-dry state and it is heated by a heater 45 as shown by arrows b. Its 
heating temperature is set at a temperature not exceeding the decomposition 
20 temperature of the hydrocarbon solid polymer. More specifically, the decom- 
position temperature of the hydrocarbon solid polymer is from 160°C to 200°C 
and the heating temperature is from 50°C to 150°C. 

The heating of the electrode-membrane assembly 12 in its non-dry state 
by the heater 45 performs its preliminary drying by causing a part of the solvent 
25 to evaporate from the electrode-membrane assembly 12 in its non-dry state as 
shown by arrows c. 

The electrode-membrane assembly 12 in its non dry state is held under 
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no load, or a relatively low load Fl of 1.5 kPa or less. Accordingly, the electrolyte 
membrane 24, negative electrode layer 23 and positive electrode layer 25 are 
freely movable when they contract as a result of the evaporation of a part of the 
solvent from the electrode -membrane assembly 12 in its non-dry state as shown 
5 by the arrows C. 

Under no load or only a limited load Fl of 1.5 kPa or less as stated, the 
absorption of contraction of the electrolyte membrane 24, negative electrode 
layer 23 and positive electrode layer 25 prevents the separation or cracking of 
the electrolyte membrane 24, negative electrode layer 23 and positive electrode 
10 layer 25. 

FIGS. 4A and 4B show an example in which vapor is introduced into the 
electrode-membrane assembly. 

In FIG. 4A, the preliminarily dried electrode-membrane assembly 12 is 
placed in its treating position in a vapor treatment chamber 46, i.e. between an 
15 upper vapor spray device 47 and a lower vapor spray device 48. 

After its placement, a load F2 is applied to the electrode-membrane as- 
sembly 12 in its prehminarily dried state. Then, a plurahty of nozzles 47a of the 
upper vapor spray device 47 spray vapor (water vapor) against the preliminarily 
dried electrode-membrane assembly 12 as shown by arrows d. 
20 At the same time, a plurahty of nozzles 48a of the lower vapor spray 

device 48 spray vapor (water vapor) against the prehminarily dried elec- 
trode-membrane assembly 12 as shown by arrows e. 

The vapor treatment chamber 46 maintains an atmosphere having a 
high temperature not exceeding the decomposition temperature of 160°C to 
25 200°C of the hydrocarbon soHd polymer, or more specifically from 70*^C to 150°C. 

Vapor reaches the surface 27a of the positive electrode diffusion layer 27 
as shown by the arrows d m FIG. 4B. The positive electrode diffusion layer 27 
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has water repellency. Accordingly, water in a liquid state is repelled by the sur- 
face 27a of the positive electrode diffusion layer 27 and cannot pass through the 
positive electrode diffusion layer 27. However, water in the form of individual 
molecules produced by vapor (referred to simply as "vapor" for convenience of 
5 explanation) can pass through the positive electrode diffusion layer 27. Thus, 
vapor sprayed from the nozzles 47a passes from the surface of the positive 
electrode diffusion layer 27 iato the positive electrode diffusion layer 27 as 
shown by arrows f. 

The vapor which has passed into the positive electrode diffusion layer 27 
10 passes from the positive electrode diffusion layer 27 into the positive electrode 
substrate layer 26 and the positive electrode layer 25. 

FIGS. 5A and 5B show an example in which vapor is introduced into the 
electrolyte membrane 24 in the electrode- membrane assembly 12. 

In FIG. 5A, the vapor which has passed through the positive electrode 
15 diffusion layer 27 passes through the positive electrode substrate layer 26 and 
the positive electrode layer 25 and reaches the electrolyte membrane 24, as 
shown by arrows f . 

Likewise, vapor sprayed from the nozzles 48a of the lower vapor spray 
device 48 as shown by arrows e passes through the negative electrode diffusion 
20 layer 21. The vapor which has passed through the negative electrode diffusion 
layer 21 passes through the negative electrode substrate layer 22 and the 
negative electrode layer 23 and reaches the electrolyte membrane 24, as shown 
by arrows g. 

The vapor which has reached the electrolyte membrane 24 as shown by 
25 the arrows f and g enters the electrolyte membrane 24, as shown in FIG. 5B. 

The vapor introduced into the electrolyte membrane 24 as described 
dispels the solvent 41 from the electrolyte membrane 24 as shown by arrows h. 



The vapor which has entered the electrolyte membrane 24 remains as water 49 
in the electrolyte membrane 24. 

A good state of water vapor is maintained by performing the treatment 
for solvent removal by vapor at a high temperature of 70°C to 150°C, as shown 
5 in FIG. 5A. It makes it possible to introduce vapor smoothly into the electrolyte 
membrane 24 and thereby remove the solvent 41 from the electrolyte membrane 
24 in a shorter time. It is, however, necessary to hold a temperature which is 
lower than the decomposition temperature of 160°C to 200°C of the hydrocarbon 
solid polymer. 

10 The treatment for solvent removal by vapor is performed at a tempera- 

ture not exceeding the decomposition temperature of 160°C to 200°C of the hy- 
drocarbon solid polymer forming the electrolyte membrane 24, as stated above. 
This makes it possible to remove the solvent from the electrolyte membrane 24 
without having the hydrocarbon solid polymer decomposed. 

15 It is no load or only a relatively low load F2 of 1.5 kPa or less that is 

appHed to the electrode-membrane assembly 12 in its preHminarily dried state. 

Accordingly, the electrolyte membrane 24, negative electrode layer 23 
and positive electrode layer 25 are freely movable when they expand as a result 
of the arrival at the electrolyte membrane 24 of the vapor sprayed from the 

20 nozzles 47a and 48a. 

Under no load or only a Hmited load F2 of 1.5 kPa or less as stated, the 
absorption of expansion of the electrolyte membrane 24, negative electrode 
layer 23 and positive electrode layer 25 prevents the separation or cracking of 
the electrolyte membrane 24, negative electrode layer 23 and positive electrode 

25 layer 25. 

The solvent 41, such as N-methyl-2-pyTrolidone, dimethylacet amide, 
dimethyl sulfoxide, N,N-dimethylformamide or y-butyrolactone, has a boiling 
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point which is higher than that of water. 

However, the solvent 41 in the electrolyte membrane 24 can be removed 
properly by the vapor introduced into the electroljrte membrane 24. Therefore, 
N-methyl-2-pyrrolidone, dimethylacetamide, dimethyl sulfoxide, N,N-di- 
5 methylformamide or y— butyrolactone is easy to use as the solvent 41 for the 
electrolyte membrane 24. 

FIGS. 6 A, 6B and 6C show an example in which the elec- 
trode-membrane assembly is finally dried. 

In FIG. 6A, a load F3 is applied to the electrode-membrane assembly 12 
10 in its preliminarily dried state and it is heated by a heater 51 as shown by ar- 
rows i. Its drying temperature is set at a temperature not exceeding the de- 
composition temperature of the hydrocarbon solid polymer. Its heating tem- 
perature is also lower than the boiling point of the solvent 41. More specifically, 
the decomposition temperature of the hydrocarbon solid polymer is from 160°C 
15 to 200°C and the drying temperature is from 50^C to 150°C. 

The heating of the electrode -membrane assembly 12 in its preliminarily 
dried state by the heater 51 accompHshes its final drying. 

In FIG. 6B, the final drying of the electrode-membrane assembly 12 in 
its preliminarily dried state causes the water 49 in the electrolyte membrane 24 
20 to evaporate as shown by arrows j. 

The water 49 remaining in the electrolyte membrane 24 is removed, as 
shown in FIG. 6C. 

Nearly all of the solvent 41 remaining in the electrolyte membrane 24 
has already been removed from the electrolyte membrane 24, as explained with 
25 reference to FIG. 5B. Accordingly, the removal of water 49 firom the electrolyte 
membrane 24 leaves only a small amount of solvent 41 in the hydrocarbon solid 
polymer of the electrolyte membrane 24. Thus, the carrying out of the produc- 
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tion method shown in FIGS. 3Ato 6C makes it possible to reduce the solvent 41 
in the electrolyte membrane 24 drastically even if its drying temperature may 
be set at a temperature not exceeding the decomposition temperature of the 
hydrocarbon sohd polymer, or a temperature lower than the boiling point of the 
5 solvent 41. 

The electrode-membrane assembly 12 in its preliminarily dried state is 
held under no load, or a relatively low load Fl of 1.5 kPa or less. 

Accordingly, the electrolyte membrane 24, negative electrode layer 23 
and positive electrode layer 25 are freely movable when they contract as a result 
10 of the evaporation of a part of the solvent from the electrode-membrane assem- 
bly 12 in its preliminarily dried state as shown by the arrows c. 

Under no load or only a limited load Fl of 1.5 kPa or less as stated, the 
absorption of contraction of the electrolyte membrane 24, negative electrode 
layer 23 and positive electrode layer 25 prevents the separation or cracking of 
15 the electrolyte membrane 24, negative electrode layer 23 and positive electrode 
layer 25. 

According to the method of the present invention for producing an elec- 
trode-membrane assembly, the electrode- membrane assembly 12 in its pre- 
Uminarily dried state is placed in vapor, vapor is introduced into the electrolyte 
20 membrane 24 and the solvent 41 is removed from the electrolyte membrane 24 
by the vapor introduced thereinto, as described above. 

Generally, a gas is composed of molecules occurring individually, but a 
Hquid is composed of molecules gathering in a several tens of to several thou- 
sand times larger volume and has an apparent particle diameter which is dras- 
25 tically larger than that of a gas. 

As the water-repelling treatment of the positive and negative electrode 
diffusion layers 2 1 and 27 makes the pores of the positive and negative electrode 
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diffusion layers 21 and 27 larger in diameter than gases, but smaller than hq- 
uids, the positive and negative electrode diffusion layers 21 and 27 prevent the 
permeation of water in a Uquid state, but do not prevent the permeation of wa- 
ter vapor, as stated before. 
5 Thus, when vapor is used for the removal of the solvent 41, vapor per- 

meates satisfactorily through the positive and negative electrode diffusion lay- 
ers 21 and 27 and is introduced into the electrolyte membrane 24. 

The introduction of vapor into the electrolyte membrane 24 makes it 
possible to remove the solvent 41 from the electrolyte membrane 24 smoothly 

10 with vapor and thereby achieve an elevated power generating performance, 
while maintaining productivity. 

Some solvents 41 have a boiling point which is lower than the decom- 
position temperature of 160''C to 200°C of the hydrocarbon solid polymer, like 
DMF (N,N-dimethylform amide) having a boiling point of 153°C, as stated be- 

15 fore. 

This solvent 41 can be removed from the electrolyte membrane 24 rela- 
tively well without employing water vapor treatment as shown in FIGS. 3A to 
6C, if the heating temperature for preliminary or final drying is raised to the 
boiling point of the solvent 41. 

20 It is, however, difficult to remove the solvent 41 from the electrolyte 

membrane 24 thoroughly merely by raising the heating temperature to the 
boiling point of the solvent 41 without employing water vapor treatment as 
shown in FIGS. 3Ato 6C. 

Therefore, water vapor treatment as shown in FIGS. 3A to 6C is em- 

25 ployed even in the case of using a solvent 41 having a lower boihng point than 
the decomposition temperature of 160°C to 200*^0 of the hydrocarbon solid 
polymer, so that it may be possible to remove the solvent 41 from the electrolyte 
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membrane 24 smoothly and thereby achieve an elevated power generating per- 
formance, while maintaining productivity. 

FIGS. 7A and 7B show a comparative example in which an electrode- 
membrane assembly is immersed in water to have a solvent removed from its 
5 electrolyte membrane. 

In FIG. 7A, a preliminarily dried electrode-membrane assembly 12 is 
placed in a water tank 55 and immersed in water 56. 

As the negative electrode diffusion layer 21 and the positive electrode 
diffusion layer 27 in the electrode-membrane assembly 12 have water repellency, 
10 water 56 in the liquid state is repelled by their surfaces and cannot pass 
through the negative electrode diffusion layer 21 or the positive electrode diffu- 
sion layer 27. 

In FIG. 7B, as the negative electrode diffusion layer 21 and the positive 
electrode diffusion layer 27 (see FIG. 7 A for the negative electrode diffusion 
15 layer 21) shut off water 56 in the liquid state, it takes a long time for the water 
56 in the liquid state to pass through the negative electrode diffiasion layer 21 
and the positive electrode diffusion layer 27 into the electrolyte membrane 24. 

According to the comparative example, therefore, it takes a long time to 
remove the solvent 41 from the electrolyte membrane 24 and it is difficult to 
20 remove the solvent 41 thoroughly. 

FIGS. 8A and 8B are graphs showing the amount of the solvent re- 
maining in the electrolyte membrane. 

Comparative Example refers to the example in which the solvent 41 is 
removed from the electrolyte membrane 24 by the method according to FIGS. 
25 7 A and 7B, and Example of the present invention refers to the example in which 
the solvent 41 is removed from the electrolyte membrane 24 by the method ac- 
cording to FIGS. 3A to 6C. The vertical axis of the graph shown in FIG. 8A 
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refers to the time required for the removal of the solvent 41 and the vertical axis 
of the graph shown in FIG. 8B refers to the amount of the solvent 41 remaining 
in the electrolyte membrane 24. 

In view of the productivity of the electrode -membrane assembly 12, it is 
5 preferable to limit the time required for the removal of the solvent 41 to 60 
minutes or less. In view of the power generating performance of the elec- 
trode-membrane assembly 12, on the other hand, it is preferable to limit the 
remaining amount of the solvent 41 to 0.5% or less. Accordingly, the cases in 
which the time required for the removal of the solvent 41 is 60 minutes or less 
10 and the remaining amount of the solvent 41 is 0.5% or less were evaluated as 
"Good", and any other cases were evaluated as "Bad". 

The remaining amount of the solvent 41 was shown on a weight basis 
relative to the weight of the polymer in the electrolyte membrane 24 taken as 
100%. 

15 A preliminarily dried electrode-membrane assembly 12 was immersed 

in water for 24 hours according to the Comparative Example, and was exposed 
to vapor for 10 minutes according to the Example of the present invention, as 
shown by the graph in FIG. 8A. 

The amount of the solvent 41 remaining in the electrolyte membrane 24 

20 was 30% according to the Comparative Example, and 0.1% according to the 
Example of the present invention. The remaining amount of the solvent ac- 
cording to the Comparative Example was 20 to 30%, but the graph in FIG. 8B 
shows it simply as 30%. 

The Comparative Example teaches that the amount of the solvent 41 

25 remaining in the electrolyte membrane 24 is as much as 30% even after a long 
time of immersion of the preliminarily dried electrode-membrane assembly 12 
in water. Thus, the Comparative Example is evaluated as "Bad", insofar as the 
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time required for the removal of the solvent 41 exceeded 60 minutes and the 
remaining amount of the solvent 41 was over 0.5%. 

On the other hand, the Example of the present invention teaches that 
the amount of the solvent 41 remaining in the electrolyte membrane 24 can be 
5 reduced to 0.1% merely by a short time of exposure of the prehminarily dried 
electrode-membrane assembly 12 to vapor. Thus, the Example of the present 
invention is evaluated as "Good", since the time required for the removal of the 
solvent 41 was not longer than 60 minutes and the remaining amount of the 
solvent 41 was less than 0.5%. 
10 An Example of the present invention and a Comparative Example in 

which an electrode-membrane assembly 12 is employed as a fuel cell will now be 
described based on FIGS. 9A and 9B and FIGS. lOA and lOB. 

FIGS. 9 A and 9B show an example in which an electrode- membrane 
assembly according to the Example of the present invention is employed. 
15 A hydrogen ion (H+) in a negative electrode layer 23 passes through an 

electrolyte membrane 24 and flows into a positive electrode layer 25, as shown 
by an arrow k in FIG. 9A. The hydrogen ion (H^) reacts with oxygen (O2) in the 
positive electrode layer 25 to generate water (H2O). 

Apart of the water (H2O) generated in the positive electrode layer 25 is 
20 introduced from the positive electrode layer 25 into the electrolyte membrane 24 
as shown by an arrow m in FIG. 9B. 

The introduction of a part of the generated water into the electrolyte 
membrane 24 keeps the electrolyte membrane 24 in a moist state. The keeping 
of the electrolyte membrane 24 in a moist state maintains the power generating 
25 performance of the electrode-membrane assembly 12. 

It is possible that the introduction of a part of the generated water into 
the electrolyte membrane 24 may cause the solvent 41 remaining in the elec- 
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trolyte membrane 24 to flow out from the electrolyte membrane 24. The outflow 
of a large amount of solvent 41 from the electrolyte membrane 24 is hkely to 
bring about a big dimensional change in the electrolyte membrane 24 and 
thereby cause the separation or cracking of the electrolyte membrane 24. 
5 According to the present invention, therefore, the solvent 41 remaining 

in the electrolyte membrane 24 of the electrode-membrane assembly 12 is lim- 
ited to as Uttle as 0.5%, as explained with reference to FIG. 8B. 

The limitation of the solvent 41 remaining in the electrolyte membrane 
24 to as little as 0.5% makes it possible to prevent any large dimensional change 

10 from occurring to the electrolyte membrane 24 even if the solvent 41 may flow 
out from the electrolyte membrane 24. This makes it possible to prevent any 
separation or cracking from occurring in the electrode-membrane assembly 12 
and thereby maintain the power generating performance of the electrode- 
membrane assembly 12. 

15 FIGS. lOA and lOB show an example in which an electrode- membrane 

assembly according to the Comparative Example is employed. 

The electrode-membrane assembly 150 according to the Comparative 
Example has a solvent 154 removed from its electrolyte membrane 152 by im- 
mersion in water 56 in the water tank 55 as explained with reference to FIGS. 

20 7A and 7B. As much as 30% of solvent 154 remains in the electrolyte mem- 
brane 152, as explained with reference to FIG. 8B. 

A hydrogen ion (H"*") in a negative electrode layer 151 forming the elec- 
trode-membrane assembly 150 passes through the electrolyte membrane 152 
and flows into a positive electrode layer 153, as shown by an arrow n in FIG. 

25 lOA. The hydrogen ion (H+) reacts with oxygen (O2) in the positive electrode 
layer 153 to generate water (H2O). 

Apart of the water (H2O) generated in the positive electrode layer 153 is 
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introduced from the positive electrode layer 153 into the electrolyte membrane 
152 as shown in FIG. lOB. The introduction of a part of the generated water into 
the electrolyte membrane 152 keeps the electrolyte membrane 152 in a moist 
state. The keeping of the electrolyte membrane 152 in a moist state maintains 
5 the power generating performance of the electrode-membrane assembly 150. 

However, the introduction of a part of the generated water from the 
positive electrode layer 153 into the electrolyte membrane 152 causes a large 
amount of solvent 154 to flow out from the electrolyte membrane 152, since as 
much as 30% of solvent 154 remains in the electrolyte membrane 154 of the 

10 electrode-membrane assembly 150. 

It is possible that the outflow of a large amount of solvent 154 from the 
electrolyte membrane 152 may cause a big dimensional change in the electro- 
lyte membrane 152. 

If a big dimensional change occurs to the electrolyte membrane 152, the 

15 electrolyte membrane 152 tends to shift relative to the negative electrode layer 
151 and the positive electrode layer 153. As a result, a shearing force is gen- 
erated in the boundary between the electrolyte membrane 152 and the negative 
electrode layer 151 and a shearing force is generated in the negative electrode 
layer 151, too. At the same time, a shearing force is generated in the boundary 

20 between the electrolyte membrane 152 and the positive electrode layer 153 and 
a shearing force is generated in the positive electrode layer 153, too. 

It is, therefore, possible that separation or cracking 155 may occur in the 
electrode-membrane assembly 150. This is likely to lower the power generat- 
ing performance of the electrode-membrane assembly 150. 

25 Although the present invention has been described by reference to the 

case in which the electrode-membrane assembly 12 is made by superposing the 
negative electrode diffusion layer 21, negative electrode substrate layer 22, 
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negative electrode layer 23, electrolyte membrane 24, positive electrode layer 25, 
positive electrode substrate layer 26 and positive electrode diffusion layer 27 on 
one another in their order, it is also possible to make the electrode-membrane 
assembly 12 by superposing the positive electrode diffusion layer 27, positive 
5 electrode substrate layer 26, positive electrode layer 25, electrolyte membrane 
24, negative electrode layer 23, negative electrode substrate layer 22 and nega- 
tive electrode diffusion layer 2 1 on one another in their order. 

Although the present invention has been described by reference to the 
case in which at least one of NMP, DMAc, DMSO, DMF and y-butyrolactone is 
10 selected as the solvent 41, it is not limited to NMP, DMAc, DMSO, DMF and 
Y-butyrolactone. 

Although the present invention has been described by reference to the 
case in which water vapor is employed as vapor, it is also possible to employ any 
alcohol or other vapor not damaging the electrolyte membrane 24. 

15 Although the present invention has been described by reference to the 

case in which the electrode membrane assembly 12 in its non-dry state is pre- 
Hminarily dried by the heater 45 and the electrode-membrane assembly 12 in 
its prehminarily dried state is finally dried by the heater 51, it is also possible to 
employ warm air or other means instead of the heaters 45 and 51 for the pre- 

20 Hminary and final drying of the electrode-membrane assembly 12. 

Although the present invention has been described by reference to the 
case in which when a load appUed to the electrode-membrane assembly 12 on 
the occasion of the preliminary drjdng of the electrode-membrane assembly 12 
is Fl, a load appHed to the electrode-membrane assembly 12 on the occasion of 

25 the removal of the solvent 41 from the electrolyte membrane 24 with vapor is F2 
and a load apphed to the electrode-membrane assembly 12 on the occasion of 
the final drying of the electrode-membrane assembly 12 is F3, such treatment is 
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performed under no load, or by employing a load of 1.5 kPa or less as each of Fl, 
F2 and F3, the application of a certain load Fl, F2 or F3 to the electrode- 
membrane assembly 12 is preferable to no load to ensure better adherence in 
the electrode-membrane assembly 12. 
5 INDUSTRIAL APPLICABILITY 

The present invention is suitable as a method of producing an elec- 
trode-membrane assembly for a fuel cell including an electrolyte membrane of a 
hydrocarbon sohd polymer. 



